Understanding the origin of infectious diseases provides scientifically based rationales for implementing public health measures that may help to avoid or mitigate future epidemics. The recent ancestors of a pandemic virus provide invaluable information about the set of minimal genomic alterations that transformed a zoonotic agent into a full human pandemic. Since the first confirmed cases of the H1N1 pandemic virus in the spring of 2009 1,2 , several hypotheses about the strain's origins have been proposed. However, how, where, and when it first infected humans is still far from clear. The only way to piece together this epidemiological puzzle relies on the collective effort of the international scientific community to increase genomic sequencing of influenza isolates, especially ones collected in the months prior to the origin of the pandemic.
It may be impossible to verify the exact time of the first H1N1pdm infection in humans;
however, the time to the most recent common ancestor (TMRCA) of all human H1N1pdm strains can be estimated to be in the first two months of 2009 5 . Bayesian Markov chain Monte Carlo (MCMC) methods provide an excellent tool for such estimates 6 . Figure 1 represents the distribution of the TMRCA of 54 early H1N1pdm isolates using Bayesian MCMC analysis (see Methods). In red is the distribution of the dates of the TMRCA for the human strains, (Table 1) .
Several caveats need to be considered in this analysis, and the results must be interpreted with caution. Poor sequencing of one isolate could artificially elongate a branch, displacing the TMRCA to an earlier date. We performed the analysis with different clustering techniques and introduced artificial errors into the sequences. Although the branch lengths in the ML and NJ trees vary, their topology does not change. Therefore, possible poor sequencing does not sufficiently explain why the swine isolate branches off before all human isolates in the rooted trees. The trees were constructed by concatenating all segments except NA and MP. If the swine isolate was a reassortant with a different segment structure to other H1N1pdm genomes, the information from the different segments could interfere to produce earlier branches. However, the pattern of expected nucleotide substitutions is consistent within each segment, suggesting that the swine isolate has the same segment structure as the other H1N1pdm genomes.
Although the previous analyses suggest that the pre-pandemic virus could have been circulating in Mexican swine, we want to emphasize that strong conclusions about the origin of the pandemic could not and should not be drawn from a single isolate. Possible concerns include laboratory contaminations and mislabeling, both of which are hard to rule out.
Therefore, only careful re-analysis of the swine isolate and/or analysis of other similar isolates could create a clearer picture of the pre-pandemic viral landscape.
The purpose of this note is to encourage the scientific community to continue the efforts to investigate the origins of this pandemic. Many other factors, especially those politically and economically sensitive, might play a role in the public release of pre-pandemic sequence data.
However, understanding the origins of a pandemic should not be written off as a mere academic exercise. Influenza pandemics have arisen every 30 years, and without a clear understanding of pre-pandemic conditions, they will certainly recur. Hence, encouraging disclosure of scientific information, beyond non-scientific concerns is essential for implementing effective measures to avoid future outbreaks.
Methods

H1N1pdm sequences were collected from Influenza Virus Resource of the National Center for
Biotechnology Information (NCBI) 7 . For the Bayesian Markov chain Monte Carlo analysis, human H1N1pdm sequences were filtered to produce a dataset that met the following criteria:
that the complete genome of the virus was available, without unidentified bases and that the exact date of collection was recorded. A further filtering was applied in which, for each day of isolation, only one virus from a given location (country or state, if applicable) was retained.
This resulted in a total of 54 isolates (Appendix 1). All segments were concatenated. Swine isolates were also collected from the NCBI and filtered for complete genomes. Sequences were analyzed using BEAST v1.6.0 5, 6 , a Bayesian Markov chain Monte Carlo (MCMC) approach to sample time-structured evolutionary trees from their joint posterior probability distribution. The dataset was analyzed under an exponential-growth coalescent model as a prior on the tree, the HKY+ Γ model of nucleotide substitution. Relaxed and strict molecular clocks were employed, with both yielding similar results (relaxed and strict both provide the same result in 54 isolates, 0.0032 nucleotide/year, and date of human TMRCA Jan. 12 th , 2009, similar to previous estimates 4, 5 ) . Three independent runs of one hundred million steps each were performed, compared for convergence and combined with less than 10% burn-in from each 5 . The consistency of the procedure was evaluated in the 166 early isolates (Appendix 2)(strict clock, evolutionary rate 0.0038 nucl/year, date of human TMRCA Jan. 18 th , 2009), however, the evolutionary rate estimates presented higher variance, probably due to the limited sampling time frame.
